In this paper, we have investigated the electronic and mechanical properties of ternary I-III-VI2 chalcopyrite semiconductors using the modified dielectric theory of solids. The values of homopolar gap (Eh), heteropolar gap (Ec) and Penn gap (Ep) is evaluated for these compound semiconductors with chalcopyrite structure. The derived values of average energy gap or Penn gap (Ep) are found in good agreement with the values obtained from the Penn model. Phillips ionicity (fi) is evaluated and is used to determine the bulk modulus (B in GPa) and microhardness (H in GPa) for these materials. The results are in excellent agreement with the available experimental data as compared to the theoretical values reported by earlier researchers. PACS Nos.: 71.20.Nr.
INTRODUCTION
The Ternary I-III-VI2 and II-IV-V2 semiconducting compounds, which crystallize in chalcopyrite structure, have drawn much attention in recent years [1] [2] [3] . They form a large group of semiconducting materials with diverse optical, electrical, mechanical, thermal and structural properties [4] [5] [6] [7] [8] [9] . Ternary chalcopyrite semiconductors appear to be promising candidates for solar cells applications 7 , light emitting diodes 10 , non-linear optics 11 and optical frequency conversion applications in all solid state based tunable laser system. These have potentially significant advantage over dye lasers because of their easier operation and the potential for more compact devices. Tunable frequency conversion in the mid infrared (IR) is based on optical parametric oscillators (OPO's) using pump lasers in near IR 12 . On the other hand frequency doubling devices also allow one to extend the range of power full lasers to far infra red such as Co2 lasers.
The ternary compounds are direct gap semiconductors with tetragonal chalcopyrite crystal structure. These material families are relevant in many fields including non-linear optics and optoelectronic and photovoltaic devices. The chalcopyrite structure is common to compounds with the chemical formula A I B  III C   VI   2 and A  II B  IV C   V 2. Structurally, these compounds are derived from that of the binary sphalerite structure (II-VI and III-V) with a slight distortion. Therefore, like binary compounds they have a high non-linear susceptibility. However, because of the presence of two types of bonds in chalcopyrite's they become anisotropic. This anisotropy gives rise to high birefringence. High non-linear susceptibility coupled with high birefringence in these compounds makes them very useful for efficient second harmonic generation and phase matching.
Many researchers 1,3-5 have developed various theories and calculated the bulk modulus, microhardness, bond stretching force constant, Debye temperature and melting points of I-III-VI2 and II-IV-V2 chalcopyrites. Yadav and co-authors [13] [14] [15] [16] [17] [18] [19] have recently calculated the electronic, optical and mechanical properties of binary and ternary semiconductors using various methods. In this paper, we have evaluated the electronic and mechanical properties of I-III-VI2 ternary chalcopyrites by using the modified dielectric theory of solids [20] [21] [22] . The purpose of this work is to obtain electronic and mechanical properties of the I-III-VI2 ternary compounds semiconductor using the modified [PVV] dielectric theory of solids. The theoretical concept is given in Section-2 and we present the discussion and simulation results for electronic and mechanical properties of I-III-VI2 compounds semiconductor in this Section also. Finally, the conclusion is given in the last Section-3.
THEORY, RESULTS AND DISCUSSION
For I-III-VI2 ternary compound semiconductors in chalcopyrite structured, the average energy gap or Penn gap (Ep in eV) between the bonding and anti-binding (sp 3 ) hybridized orbital may decomposed into contribution due to symmetric and anti-symmetric parts by the potential within unit cell [20] [21] [22] . These contributions are heteropolar contribution represented by Ec and homopolar contribution represented by Eh, in the following form-
In above relation, the covalent part Eh depends on the nearest neighbor separation d as follows- 
Where K2 is an arbitrary constant and has value 73.815, which depends upon the difference between valence states of an atoms;
is the exponential Thomas-Fermi Screening factor varies from 0.0700 to 0.0947 and d0-one half of mean value of the bond length, d=(dAC+dBC)/2, of AC and BC bonds present in these I-III-VI2 ternary chalcopyrite 24 i.e. d0 = d/2, and ΔZ be = K 2 2 , where e-electronic charge and the values of b =1.6 depends on the coordination number 11 around the cation. The screening wave number Ks is calculated from the relation-
where aB is the Bohr radius. Using Eqn. (1)- (4) 
where ћωp = (ћωAC+ћωBC)/2 is the mean value of plasmon energy of individual bonds 26 , and ε∞=n 2 is also the mean value of optical dielectric constant of these compounds 26, 27 and S0=1.0. The valence electron plasmon energy ћωp is given by the relation-
where Neff is the number of valence electrons, d the density and M the molecular weight 23 of the material. The calculated values of Ep, Eh, Ec and Ep * are presented in Table- 1. In Table- 
Bulk Modulus
The evaluated values of ionicity are used in the following relation proposed by Neumann 29 for the evaluation of the bulk modulus-
where n has the value 1.147 and the factor B0 is given by B0 = b0 (1-b1 fc ), here b0 = 4.134 and b1 = 0.69 and
is the co-valency. The present values of the bulk modulus of I-III-VI2 ternary compounds are computed from eq. (7) and compared with the experimental data 30 and theoretical values reported by earlier researchers 1, 31 . The calculated values are shown in Table- 2. The comparison between our calculated values and known experimental data shows good agreement as compared to theoretical values.
Microhardness
Hardness is the properties of materials that are determined by the ability to abrade one another. Microhardness decreases monotonically as the temperature of the semiconducting material approaches the melting point. The above derived values of Phillips ionicity has been used to evaluated the microhardness (H in GPa) using the Neumann simple approach
where g0 = 1.283, Tm -melting temperature and a-lattice parameter 33 and h0 = 0.60 for these materials. The presently investigated values of microhardness (H in GPa) are listed in Table-2 along with experimental data and theoretical values reported by earlier researchers 1, 31, 34 . An excellent agreement has been obtained between our calculated values of H with the experimental data as compared to the theoretical values. It is clear from table-2 that our calculated values of B and H (using Neumann approach) diverge so much with respect to the experimental data. 
CONCLUSION
Based on above modified dielectric theory of solids, the values of Eh, Ec, Ep and have been investigated for I-III-VI2 ternary chalcopyrite semiconductors. The investigated values have been shown to be in accordance with the values obtained from the Penn model. The values of Phillips ionicity lead us to determine the mechanical properties such as bulk modulus and microhardness for these materials. The good agreement between our calculated values with the reported experimental and theoretical data verifies the validity of the above simple approach for determination of mechanical properties. Hence, in the light of above findings we conclude that the modified dielectric theory of solids is applicable even to the chalcopyrite structured I-III-VI2 ternary compounds. 
